Abstract
and Fig. S4 ). In contrast, the peptide containing the methyl-Arg PTM was not 179 observed in the enzyme from the deletion strain S0030, even though the unmodified RR form of 180 the partial digestion product increased to 8 % of the fully digested peptide (Table S2 and different among the strains, whole cell extracts were separated by SDS PAGE (Fig. 4) 0.13 by One-way ANOVA), and they were 13.6 ± 1.8 % (average and standard deviation of three 208 measurements, S0001, the wild type), 14.2 ± 1.2 % (S0030, the Δ mutant), 14.5 ± 1.0 % (S0034,
209
the PhmvA-mmp10 complement) and 12.6 ± 1.5 % (S0031, the Pnat -mmp10 complement). The 210 similar SDS profiles among the strains also suggested similar expression levels for most other 211 proteins (Fig. 4) . Thus, the ∆mmp10 deletion and complementation did not appear to affect the 212 levels of Mcr.
However, one band at the position of ~25 kDa showed substantial increase in intensity in 214 strain S0031 (p < 0.0001 by One-way ANOVA). The relative abundances were 2.0 ± 0.1 %
215
(average and standard deviation of three measurements, S0001), 1.6 ± 0.5 % (S0030), 2.8 ± 0.2 216 % (S0034) and 7.8 ± 0.7 % (S0031), respectively. MALDI sequencing analysis of the band from 217 S0031 revealed that it was the puromycin N-acetyltransferase, which was encoded on the 218 complementation plasmid and provided puromycin resistance.
219
The relative transcription rates of the Pnat and PhmvA promoters were also examined 220 using an mCherry reporter system in strains S0032 and S0033, respectively. (Fig. 5A) . Moreover, the inhibition was even more profound than the corresponding 231 complementation strains S0031 and S0034 in the ∆mmp10 background (Fig. 5B) cells after washing and resuspension in fresh medium (Fig. 6B) , where a 60% reduction in the 246 maximal rates of methanogenesis was observed in the ∆mmp10 strain S0030. These results
247
confirmed that the rate of methanogenesis was severely impaired in the ∆mmp10 mutant.
248
In the complementation strains, the rate of methanogenesis was restored to the wild-type 249 level in strain S0034, which possessed mmp10 under the control of the strong PhmvA promoter,
250
but the rate of methanogenesis for S0031, which possessed the Pnat promoter, was similar to that 251 of the deletion mutant ( Fig. 6A and 6B) . Pmcr is also used to drive expression of puromycin N-transacetylase in the pac cassette of the 300 complementation plasmids, and strain S0031 contained three-fold higher levels of this protein than S0034, which contained PhmvA. Thus, the poor growth and methanogenesis of strain S0031 302 could have been a consequence of the high expression of puromycin N-acetyltransferase. RE. The identity of colonies of the ∆mmp10 mutant were confirmed by PCR amplification using 351 primers 1554-F/R to confirm complete removal of the markers (Fig S11A) . This conclusion was 352 further confirmed by the sensitivity of the mutant to puromycin and the inability of primers 353 1554w-F/R, which target an internal region of mmp10, to yield a product. As a positive control,
354
PCR amplification under the same conditions detected 0.1% of wild-type DNA when mixed with 355 the mutant DNA (Fig S11B) .
356
Expression plasmid vectors pM10 and p4MK10 were made to complement the ∆mmp10 
378
Another expression vector pMcrS1 was constructed to express the wildtype mcr operon 379 fused with a 6×-histag under control of the PhmvA promoter in strain S0001, resulting in a new 380 strain S0037. Details regarding this construction will be reported elsewhere.
381

Fluorescence quantification
382
Triplicate cultures were grown to an absorbance of 0.4~0.6 in the presence of puromycin.
383
Cultures of 2 mL were harvested by centrifugation at 17, 000 g x 1 min, resuspended in 200 µL 
Purification of methyl-coenzyme M reductase
Cultures were grown in 1.5 L of complex formate broth to an absorbance of about 0.8.
391
Cells were freshly harvested aerobically by centrifugation at 17,700 x g for 15 min at room proteins were desalted by concentration on an Amicon Ultra -4 centrifugal filter (Millipore, 10-404 kDa cutoff) by centrifugation at 7,500 x g for 15 min at 4 °C and resuspension in the same buffer.
405
The desalted and concentrated proteins were resuspended with 2.5 mL buffer A and loaded onto 
